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OSMOTIC SYSTEM FOR DELIVERY OF DILUTE SOLUTIONS 
ABSTRACT 

There is disclosed a device that is capable 
of providing a .constant rate of delivery of beneficial 
5 agent at concentrations less than saturation. Osmotic 
bodies or diffusional bodies containing the agent are 
contained within a reservoir of the device. A 
saturated solution of the agent is delivered at a 
constant rate from the bodies, and this solution is 

10 diluted at a constant rate by water diffusing into the 
device. The rate of agent delivery, the concentration 
of the agent solution delivered, the total dose of 
agent delivered, and the' number of agents delivered 
from the same device may all be independently 

15 controlled. 
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OSMOTIC SYSTEM FOR DELIVERY OF DILUTE SOLUTIONS 

BACKGROUND OF THE INVENTION 

Systems for the delivery of beneficial 
5 agents are well known in the art. For example, 

dispensing systems that delivet their contents by dif- 
fusion through a permeable polymer coating or wall are 
well known, but suffer from severe limitations. A key 
limitation is that many beneficial agents cannot be 

10 delivered from such diffusion-controlled devices at 
useful rates. In many instances, permeation rates 
through the permeable polymer coating are inadequate 
due to the solubility properties of the agents or due 
to the high molecular weight of the agents. 

15 Also well known are delivery systems that 

operate by means of an osmotic pumping mechanism to 
achieve high release rates of water-soluble agents. In 
a typical delivery system of this type, the agent is 
contained within a continuous, semipermeable coating 

20 having a hole of predetermined size drilled there- 
through. See, for example, U.S. Patent Nos . 3,845,770, 
3,916,899, 4,008,719, 4,014,334, 4,016,880, 4,034,758 
and 4,077,407. In operation, the delivery system is 
placed in an appropriate aqueous environment, whereupon 

25 it imbibes water through the semipermeable coating, 

thereby dissolving at least in part the contents of the 
delivery system. This osmotic influx of water causes 
an increase in the internal pressure of the system, 
which results in the dissolved contents being continu- 

30 ously pumped out of the delivery system through the 
hole at a controlled rate over a prolonged period of 
time • 

Such systems have a number of deficiencies. 
They are, in most cases, complex devices having raulti- 
35 pie parts or requiring special fabrication steps* 

Consequently, the delivery system is relatively expen- 
sive to fabricate and is suited only to relatively 
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large dev ices , , rather than to small beads or prills. 
Prior art devices having a single hole through which 
their dissolved contents are delivered suffer from the 
disadvantage of delivering only saturated solutions of 
5 the agent, if the delivery rate is to be maintained 
constant. Such high concentrations localized near the 
delivery hole can cause tissue irritation or ulceration 
if the device is present inside the body, or toxic 
effects to plants or animals if the device is present 
10 in or near such organisms. For example, drugs such as 
potassium chloride, aspirin, and indomethacin can cause 
gastrointestinal irritation or bleeding in concentrated 
solutions. 

More recent osmotic delivery systems disclose 

15 means of alleviating some of the disadvantages of 

delivering saturated solutions from a single delivery 
hole. For example, U.S. Patent No. 4,298,003 describes 
a means for dilution of the saturated agent solution 
prior to its delivery from a device with a bifurcated 

20 reservoir containing soluble agent and an insoluble 
compound. This improvement, while potentially impor- 
tant in reducing irritation or toxicity, is not useful 
for delivery of small quantities of highly water- 
soluble agents at constant rates, and therefore suffers 

25 from a lack of general application. In addition, it is 
not useful for delivery of more than one agent at inde- 
pendently controlled rates. U.S. Patent No. 4,200,098 
discloses a device comprising an osmotically pumping 
core situated within a distribution zone comprising a 

30 layer of; water-soluble salts or sugars, the core and 

distribution zone', in turn being surrounded by a wall of 
microporous or hydrogel material. Although this device 
theoretically provides two levels of rate control by 
the membranes of both the osmotic pump portion and the 

35 outer wall, due to the porosity of the outer wall, 
increased porosity leads to an increased rate of 
release, but at the same time causes a greater degree 
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of dilution of agent that is released, effectively 
negating this element of control. 

In summary, prior art dev ices, generally are 
capable of delivering a less- than-satur ated solution of 
5 agent at a non-constant rate or a saturated solution at 
a constant rate, but not a less-than saturated solution 
at a constant rate. The last-mentioned possibility can 
now be achieved with the present invention. 

lb SUMMARY OF THE INVENTION 

The present invention comprises both a 
unique device and a system for the controlled release 
of a less-than saturated, or dilute solution of an 
active ingredient or agent. The device is osmotically- 
15 driven, and comprises agent-containing bodies in a 

reservoir defined by a surrounding wall, the wall being 
substantially impermeable to agent. At least part of 
the wall is a semipermeable membrane which is "semi- 
permeable" in the sense that it is substantially more 
20 permeable to water than to agent; the wall has one' or 
, more delivery ports therethrough. 

In the present invention, there are 
essentially two types of agent-containing bodies: 
\l) those with a release mechanism comprising osmotic 
25 pumping of a solution of agent (hereinafter referred 
to as "osmotic bodies"), and (2) those with a release 
mechanism comprising diffusion of pure agent through a 
membrane (hereinafter "diffusional bodies") . It is 
thus apparent that release of agent from each of the 
30 two types of agent-containing bodies is controlled by a 
rate-controlling membrane. In the case of the osmotic 
body, the rate-controlling membrane is also "semi- 
permeable" in the sense that it is substantially more 
permeable to water than to beneficial agent. In the 
35 case of the diffusional body, the rate-controlling 
membrane is permeable to agent. 
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The agent-containing bodies may be of 
virtually aft'y shape or size or number so long as they 
fit within the reservoir of the device, including, but 
not limited to, particles, granules, beads, tablets and 
5 larger masses. Agent may be present in the reservoir 
apart from the agent-containing bodies as well (herein- 
after "free agent" or "free beneficial agent"). The 
reservoir may also contain soluble or insoluble filler. 
In the case of osmotic bodies, each body comprises a 
10 core containing the agent and surrounded by a semi- 
permeable membrane having one or more delivery ports 
through the membrane. In the case of diffusional 
bodies, each body comprises a core containing the agent 
and surrounded by an agent-permeable porous or non- 
15 porous membrane. 

In operation, water is imbibed, for example, 
from the environment of use and diffused through the 
reservoir's semipermeable membrane, where it dilutes 
agent released from the agent-containing bodies and at 
20 the same time dissolves any free agent present in the 
reservoir. In the case of osmotic bodies , imbibed 
water diffuses through the semipermeable membrane of a 
given osmotic body containing the agent so as to 
dissolve some of the agent; the resulting saturated 
25 solution of agent is then released by osmotic pumping 
through the port(s) of the body's membrane and into the 
reservoir where it is diluted by the imbibed water, and 
then further driven by osmotic pumping due to the dif- 
ference in osmotic pressure between the reservoir and 
30 the environment of use external to the reservoir 

through the reservoir's port(s) into the environment of 
use. In the case of diffusional bodies, imbibed water 
dilutes the agent released from the diffusional bodies, 
which dilute solution of agent is driven by osmotic 
35 pumping through the reservoir's port(s) into the 

environment of use in the same manner as in the case of 
osmotic bodies. 
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Within a short time of the device's initial 
contact with water, the concentration of agent within 
the device reaches a steady value, as do the rate of 
diffusion of water into the reservoir and the rate of 
5 agent release from the agent-containing bodies, into the 
reservoir; the steady state of these kinetics causes 
the 'overall rate of release of agent | to become con- 
stant. The time to reach such a steady state, can be 
, shortened by including an appropriate quantity of free 
10 agent in the reservoir, which dissolves. rapidly as 
water diffuses into the reservoir. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS • 1-6 comprise schematic drawings of 
15 exemplary devices of the present invention. 

FIGS. 7-9 'are graphs showing the controlled 

release of various beneficial agents from devices of 

the present invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, there is 
provided a means for dispensing, at substantially 
\Constant rates and for predetermined times, beneficial 
agents, either singly or in combinations , at less- than- 

25 saturated concentrations. The agents in the reservoir 
may be in solid or liquid form, or may comprise the 
osmotic bodies themselves, so long as they are water- 
soluble to some extent. Such beneficial agents may 
include drugs, contraceptives, fertility inhibitors, 

30 cosmetics, pheromones, nutrients, vitamins, preserva- 
tives, antioxidants, flavors, 'or other beneficial 
agents for humans, animals, avians, reptiles and fish; 
fertilizers, insecticides, pesticides, herbicides, 
fungicides, acaricides, algicides, growth regulators or 

35 promotants, or other biologically active agents for 

agricultural or horticultural applications; fragrances, 
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disinfectants/ colors, indicators, biocides, bacteri- 
cides, bleabhes, reactants, catalysts, air purifiers or 
other beneficial agents for household or industrial 
applications. 

5 Referring now to the schematic drawings 

FIGS. 1-6, wherein like numerals designate the same 
features, and specifically to FIG. 1, one form of the 
controlled release device 10 of the present invention 
comprises a reservoir 12 defined by a wall 14, which in 

10 this case comprises a semipermeable membrane having one 
or more ports 16 therethrough. The reservoir has 
dispersed therein a multiplicity of osmotic bodies 20. 
In a typical reservoir in tablet form for human use 
having a volume of 3 cc, beads may be present in a 

15 number ranging from 1 to 1000. 

FIG. 2 comprises an enlarged schematic 
showing the construction of the osmotic bodies. There 
a body 20 is shown as a core 201 comprising beneficial 
agent with or without other materials and surrounded by 

20 a semipermeable membrane 202 with one or more ports 203 
therethrough. 

FIG • 3 illustrates another form of controlled 
release device 10 of the present invention comprising a 
reservoir 12 defined by a wall comprising partly a 

25 semipermeable membrane 14 and partly an impermeable 
membrane 15, the semipermeable portion 14 of the wall 
having at least one port 16 therethrough. Within the 
reservoir 12 are diffusional bodies 30, together with 
droplets or particles of free agent 40. 

30 FIG. 4 is an enlarged schematic showing the 

construction of the diffusional bodies. There a body 
30 is shown as a core comprising beneficial agent with 
or without other materials surrounded by an agent- 
permeable membrane 302 that may be porous or 

35 non-porous. 

FIG. 5 illustrates another exemplary 
controlled-release device of the present invention 
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wherein the reservoir 12 is surrounded by a semiperme- 
able wall 14 with ports 16 therethrough, the reservoir 
containing both osmotic bodies« 20 and diffusional 
bodies 30, together with free agent 40 and filler 
5 particles 50. 

FIG. 6 illustrates still another exemplary 
controlled-release device, 11 of the present invention 
comprising a reservoir 12 surrounded by a wall 
comprising partly a semipermeable membrane 14 and 

10 partly an impermeable membrane 15 , the impermeable 
portion 15 of the wall having one or more ports 16 
therethrough with a needle or cannula 18 extending 
therethrough for subcutaneous or intramuscular delivery 
of beneficial agent to the blood stream or to other 

15 specific sites on or in a mammal's body, such as at the 
base of the brain or the locus of a tumor. The reser- 
voir 12 is shown as containing osmotic bodies 20 and 
free agent droplets or particles 40, and is immediately 
proximate to a second reservoir 13 surrounded by an 

2Q impermeable membrane 15 and containing ^water for 

imbibition through the semipermeable membrane 14. The 
device 11 may be equipped with a strap or adhesive (not 
shown) for attachment to, for example, a patient's arm, 
and further may be equipped with an activating mecha- 

25 nism such that semipermeable membrane 14 is normally 
kept segregated from the water in reservoir 13, but 
which, upon activation of the activating mechanism, is 
exposed to the water to start the osmotic pumping 
action. 

30 Exemplary materials for the semipermeable 

membranes 14 and 202 around both the osmotic bodies 20 
and the reservoir 12 include cellulose esters such as 
mono-, di- and triacylates including mixed esters, 
regenerated cellulose, cellulose ethers such as ethyl 

35 cellulose, polyesters, nylons, polyamides, polycarbon- 
ates, polyurethanes, poly (dialkylsiloxanes) , poly- 
(methacrylic acid) esters, poly(acrylic acid) esters. 
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poly(phenylene oxides) , poly (vinyl alcohols) , ethylene/ vinyl 
alchohol copolymers,, aromatic nitrogen-containing polymers, 
polymeric epoxides, coploymers and blends of any of the fore- 
going, as well as other film-forming materials suitable for use 
5 in reverse osmosis or dialysis applications. Some examples of 
such suitable film-forming materials include cellulose acetate, 
cellulose diacetate, cellulose triacetate, cellulose propionate, 
cellulose acetate butyrate, cellulose acetate propionate, 
cellulose tripropionate, ethyl cellulose, nylon 6 and the like, 
10 Further examples of such semipermeable film-forming polymers are 
set forth in U.S. Patent No. 4,200,098 at columns 8-10. Still 
other film-forming polymers that may be included in the semiperm- 
eable membrane of the present invention include agar-agar 
acetate, acylated alginates, amylose triacetate, beta glucan 
15 acetate, beta glucan triacetate, acetyl alginate, triacetate of 
locust bean gum, alkanoyl carrageenan, acylated tragacanth and 
ester if ied gum karaya. The film coating, in addition to being 
semipermeable, must not adversely affect the beneficial agent or 
the user of the device. The port(s?) through the semipermeable 
20 membranes around both the osmotic beads and the reservoir range 
in diameter from 1 micron to 1 mm; the thickness of the membranes 
may range from 5 microns to 1 mm. 

Plasticizers may also be included in the membrane of 
the present invention. Such plasticizers include glycols such 
25 as glycerol, propylene glycol and polyethylene glycols (MW 200- 
10,000) and esters such as the phthalates, phosphates, citrates, 
adipates, tartarates, sebacates, succinates, glycolates, 
glycerolates, benzoates and myristates, sulfonamides and the 
like. Specific examples of esters include dimethyl phthalate, 
30 dipropyl phthalate, di- (2-ethylhexyl) phthalate, tributyl 
phosphate, triacetyl phosphate, and tributyl 
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citrate. The plasticizer must be compatible with the 
other materials of the film coating. It should also 
have a high degree of permanence, i,.e«; it should 
remain in the polymeric film and not migrate to the 
5 surface to an appreciable extent. It should also have 
no adverse effect on the beneficial agent or any animal 
receiving the device. 
. The agent-permeable membranes 302 surrounding 

the diffusional bodies 30 are selected according to 
10 their respective permeabilities to the desired 

agent{s), and may include the same materials that are 
suitable for the semipermeable membranes 14 and 202, as 
well as polyethylene, polypropylene, e thylene/vinyl 
acetate copolymers, silicone rubbers, neoprene rubber r 
15 chlorinated polyethylene, polyvinylchlor ide , vinyl- 
chloride copolymers with vinyl acetate, vinylidene 
chloride, ethylene, and propylene, polyethylene 
terephthalate , butyl rubber, epichlorohydr in rubbers, 
ethylene/vi^iyl alcohol copolymers, polystyrene/ 
20 acrylonitr ile copolymers, polyamides, polyurethanes , 
polyesters, and the like. Such agent-permeable 
njeinbranes may range in thickness from 1 micron to 2 mm, 
and may be either non-porous or 5% to 95% raicroporous; 
in the latter case, the pores may range in diameter 
25 from 0.1 to 500 microns. 

Both the diffusional bodies and the osmotic 
bodies of the present invention may be in essentially 
four different forms. They may be pure beneficial 
agent. They may contain soluble filler materials of 
30 the types noted below to, for example, increase the 
osmotic pressure within the reservoir. They may con- 
tain insoluble filler materials of the types noted 
below, which have no effect on osmotic pressure. Or 
they may comprise soluble or insoluble prills coated 
35 with beneficial agent. 

In addition to osmotic or diffusional bodies 
and agent, the reservoir may contain soluble or insol- 
uble filler materials; examples of soluble materials 
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include conventional fillers known in the art of 
tableting, e *g . > salts, carbohydrates such as sugars or 
starches, alcohols such as mannitol or sorbitol, urea, 
magnesium succinate, tartaric acid, etc. Examples of 
5 insoluble filler materials include conventional 

tableting fillers such as starches, micpocrystall ine 
cellulose and talc. Fillers may be present in amounts 
ranging from 10 wt% to 90 wt% of the total contents of 
the reservoir. 

10 There are several levels of control inherent 

in the device. First, the rate of release of agent 
from the device is the product of the volumetric flow 
rate of the solution and the concentration of agent in 
that solution. The volumetric flow rate of the solu- 

15 tion from the device is controlled by the permeability 
and thickness of the membrane to water and by the 
osmotic pressure ,of the solution within the reservoir. 
The osmotic pressure of the solution within the reser- 
voir is controlled by the concentration of agent and 

20 other soluble fillers that may be present in the reser- 
voir. The concentration of agent' within the reservoir 
at steady state in the case of osmotic bodies is 
controlled by the water permeability and thickness of 
the membrane surrounding the osmotic bodies, by the 

25 solubility of the agent and filler materials, which 
determines the osmotic pressure within the osmotic 
bodies, and by the rate of diffusion of water into the 
reservoir. In the case of diffusional bodies, the 
concentration of agent within the reservoir at steady 

30 state is controlled by the agent permeability and 
thickness of the permeable membrane surrounding the 
diffusional bodies. Thus, by varying (1) the types of 
agent-containing bodies, (2) the permeabilities and 
thicknesses of the membranes surrounding the agent- 

35 containing bodies and the device itself, (3) the number 
and content of the agent-containing bodies within the 
reservoir, and (4) the composition of the agent and/or 
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filler within the reservoir, the overall rate and con- 
centration of solution released can be controlled over 

«i 

a wide range. 

Several advantages of this device over the 
5 prior art are realized. First, the agent concentration 
in the delivered solution can be varied from nearly 
zero to saturation, while maintaining a .constant rate 
of release* In prior art devices, only saturated solu- 
tions can be delivered at a constant rate of release. 

10 A second advantage is that very small quan- 

tities of highly water-soluble agents can be delivered 
at a constant rate of release over an extended period 
of time. This could be accomplished byy for example, 
placing into the reservoir only one or a very few 

15 osmotic beads that release the agent very slowly at a 
constant rate. In prior art devices, such small quan- 
tities of agent within the reservoir quickly dissolve, 
and the concentration decreases with time, resulting in 
a decreasing release rate with time. • 

20, A third advantage is that virtually any 

number of different agents can be delivered together 
from the device at independently controlled rates of 
release and concentrations. This may be accomplished 
by preparing agent-containing bodies with different 

25 membranes and/or different osmotic pressures for each 
agent and then placing the appropriate number of bodies 
of each agent into the reservoir. For example, a 
hydrophilic agent may comprise the core of* an osmotic 
bead, while a hydrophobic agent may comprise the core 

30 of a diffusional body, there being an appropriate 

number of each type of body placed in the reservoir of 
a device to achieve the desired effect. Prior art 
devices can only deliver multiple agents at a single 
ratio equal to their ratio of solubilities. For 

35 example, if the desired agents to be delivered are 

chlorpheniramine maleate and vitamin B^, the respec- 
tive solubilities in water of which are 240 g/L and 
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12 g/L, the ratio of delivery is fixed at 240/12, or 
20:1. In other words the rate of delivery of chlor- 
pheniramine maleate would always be 20 times faster 
than that of vitamin B 12 . By way of contrast, with a 
controlled-release device of the present invention, the 
rate of simultaneous delivery of the same two drugs can 
be varied significantly by adjusting the amount and 
type of bodies containing the respective beneficial 
agents, as demonstrated in Example 5 below. 

A fourth advantage is that multiple agents 
that are incompatible with each other can be delivered 
from this device, and are isolated from each other 
during storage by the membrane surrounding each bead. 

The device of the present invention is 
conveniently prepared by conventional techniques. The 
simplest method comprises conventional overcoating a 
granule or particle of agent with a semipermeable or 
agent-permeable membrane. Osmotic or diffusional 
bodies may also be prepared by coating pharmaceutical 
prills with a mixture of active agent and polymer by, 
for example, solvent evaporation coating in a commer- 
cial fluid-bed coater to the desired thickness, then 
overcoating by, for example, solvent evaporation 
coating, the entire external surface of the agent- 
coated bead with a semipermeable membrane containing 
delivery port(s) . Other conventional methods of 
coating with a semipermeable membrane include molding, 
spraying and dipping. 

The delivery port(s) may be formed by 
including material within the ^membrane which, upon 
exposure to water, leaches out or dissolves away, 
leaving the desired degree of porosity. The pore- 
forming material is preferably particulate 4 in nature, 
with a maximum particle size preferably not exceeding 
about 500 microns in its longest dimension and an 
average particle size from about 1 micron to about 
300 microns, more preferably having an average particle 
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size from about 5 microns to about 100 microns. It 
must be soluble in water or aqueous media and insoluble 
in the organic solvent in which the polymeric film- 
forming material is dissolved during the film-coating 
process. Suitable pore-forming materials include 
water-soluble sugars, e .g . , lactose, sucrose, sorbitol 
and mannitol; water-soluble salts, e.g., alkali metal-, 
alkaline earth metal-, and transition metal halides, 
carbonates, phosphates, sulfates, benzoa^es, acetates, 
citrates, nitrates, and the like; diols and polyols 
such as polyhydric alcohols, polyalkylene glycols, 
polyglycols and poly ( , u> ) alkylenediols . When the 
device of this invention is intended for pharmaceutical 
use, the pore-forming material must be pharmaceutically 
acceptable. A portion of the beneficial agent may be 
used as the pore-forming material, and in certain 
formulations this may be preferred. The delivery 
port(s) may also be formed by mechanical or laser 
drilling, depending upon size, economic factors, etc. 

In the case of diffusional bodies, the core 
may also comprise pure agent, agent with other material 
such as soluble or insoluble filler r or "an agent-coated 
prill, which is then overcoated with agent-permeable 
membrane by the same conventional techniques mentioned 
above. 

The agent-containing bodies may then be 
placed in the reservoir portion of the device by r for 
example, mixing the bodies with tableting excipients 
and compressing the mixture into tablets, followed by 
coating the external surface of the tablet with the 
semipermeable membrane containing the delivery ports or 
water-leachable delivery ports. The delivery ports in 
the walls of the device, whether semipermeable or 
impermeable, may ; also be prepared by the same 
techniques mentioned above as to osmotic bodies. 

Referring to the type of device illustrated 
in FIG. 6, the agent-containing bodies together with 
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free agent or filler or both, if desired, may be loaded 
onto the impermeable portion of the device's wall. The 
semipermeable portion of the wall may then be heat- 
sealed over the impermeable portion, thereby defining 
5 the reservoir. Delivery ports through the semiperme- . 
able portion of the wall may be made by the same 
techniques noted above. 

The impermeable backing 15 may be made of 
metal such as thin-gauge aluminum or steel or other 
10 material such as plastics like nylon, polysulfone, or 
polycarbonate ♦ 

Example 1 

Osmotic bodies were prepared by coating in a 
fluid-bed coater 10 g of 18-20 mesh sucrose/starch seed 

15 prills (nonpareils) with a mixture of 2 g pyridostig- 
mine bromide (a cholinergic drug) and 0.8 g cellulose 
acetate manufactured and sold by Eastman Kodak Co. 
under the designation CA 398-10* in a solvent comprising 
25 ml methanol and 25 ml acetone; evaporating the 

20 solvent from the beads; overcoating in the same appara- 
tus the bodies with a 0.4 mil thick membrane fbrmed 
from a solution consisting of 1.8 g ethyl cellulose and 
0.09 g lactose in 100 ml d ichlororaethane , and then 
evaporating the d ichlororae thane • 250 mg of the bodies, 

25 together with 1 rag of pure pyridostigmine bromide , were 
then placed into a 1.5 cc reservoir defined on one side 
by an impermeable polyethylene disc approximately 3 mm 
thick with a delivery port through it, and defined on 
the other side by a 0.5 mil thick cellulose acetate 

30 semipermeable membrane made and sold by Eastman Kodak 
Co. under the designation CA 383-40t The semipermeable 
membrane side of the device was then contacted with 
water, and the rate and concentration of solution deli- 
vered from the delivery port were determined. The rate 

35 of release of the drug from the device is plotted in 
FIG. 7. The release rate was constant for approxi- 
mately eight hours while delivering the solution at a 

* trade-mark 
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concentration of about 2 g/L. This concentration was 
at least 250 times less than the saturation concentra- 
tion of pyridostigmine bromide, which is greater than 
500 g/L* 

5 Examples 2-4 

^ Osmotic bodies were prepared as in Example 1, 
except that the agent was sodium bromide and three 
types of osmotic bodies were prepared, each with a 
1 different semipermeable membrane: cellulose acetate, 
10 cellulose acetate butyrate, and ethyl cellulose, each 
containing a 19:1 mixture of polymer to lactose. These 
bodies were placed into identical controlled-release 
devices as those in Example 1 as follows: in one 
reservoir, 325 mg , comprising about 300 bodies, of the 
15 cellulose acetate bodies were placed; in a second 

reservoir, 250 mg , comprising about 160 bodies, of the 
cellulose acetate butyrate bodies were placed; and in a 
third reservoir, 250 mg , comprising about 180 bodies, 
of the ethyl cellulose bodies were placed. In each, 
20 reservoir, 1.1 g of potassium biphthalate ' soluble 

filler was also placed. The release rates of sodium 
bromide from the three devices are shown in FIG • 8. 
Because of the different types and quantities of 
osmotic bodies in each device, the release rates and 
25 concentrations of sodium bromide released were dif- 
ferent, as shown in FIG. 8. In each case, the release 
rate was constant, and the concentration was from 30 to 
60 g/L, far below the saturation concentration of 
sodium bromide (700 g/L) . 
30 Example 5 

Two types of osmotic bodies were prepared as 
in Example 1, except that the agents were chlorphenira- 
mine raaleate (an antihistamine, hereafter "CM") and 
vitamin B 12 (hereafter "B 12 w > • 250 m 9 of each type of 
35 body, comprising about 270 B 12 bodies and 180 CM 

bodies, together with 1 g potassium biphthalate filler. 
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were placed into a single reservoir of devices identi- 
cal to those in Example 1. The release rate of each 
drug from this single reservoir was determined, and is 
shown in FIG. 9. As shown, the release rates were 
5 constant for at least 50 hours, and each drug was 
released at a lower concentration than saturation: 
70 g/L for CM (saturation concentration 240 g/L) and 
7 g/L for B 12 (saturation concentration 12 g/L). Thus, 
the ratio of release rates of CM to B12 was 10:1 
10 instead of 20:1, the latter being the only ratio 
obtainable with known devices. 
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WHAT IS CLAIMED IS: 

1* A device for the controlled release at a 
substantially constant rate of a less than saturated 
aqueous solution of at least one beneficial agent compris- 
ing a reservoir defined by a surrounding wall that is 
substantially impermeable to said agent, at least a portion 
of said surrounding wall comprising a membrane that is 
substantially more permeable to water than to said benefi- 
cial agent, said wall further having at least one agent 
delivery port therethrough, characterized in that said 
reservoir contains at least one agent-containing body, said 
body comprising a core containing a beneficial agent, said 
core itself being surrounded by a rate-controlling mem- 
15 brane. 

2. The device of claim 1 wherein said at least 
one agent-containing body is an osmotic body wherein the 
rate-controlling membrane is a semipermeable membrane that 
20 is substantially more permeable to water than to said 
beneficial agent with at least one delivery port there- 
through. .. 



25 



30 



35 



3. The device of claim 1 wherein said at least 
one agent-containing body is a diffusional body wherein the 
rate-controlling membrane is agent-permeable and either 
porous or non-porous. 

4. The device of claim 1 wherein said at least 
one agent-containing body comprises a mixture of: 

(a) at least one osmotic body wherein the rate- 
controlling membrane is a semipermeable 
membrane that is substantially more per- 
meable to water than to agent with at least 
one delivery port therethrough; and 
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(b) at least one diffusional *?ody wherein 

ti 

the rate-controlling membrane is agent- 
permeable and either porous or 
non-porous . 

5 1 

i . ■ • . ■ • 

5. The device of claim 1, 2, 3 or 4 

additionally comprising free beneficial a^ent within 

• said reservoir. 

10 6. The device of claim 1, 2, 3 or 4 

additionally comprising filler material within said 
reservoir. 

7. The device of claim 1, 2, 3 or 4 
15 additionally comprising free beneficial agent and 

filler material within said reservoir. 

8. The device of claim 1, 2, 3 or 4 wher.ein 
, an impermeable membrane comprises a portjdn of said 

20 surrounding wall and said impermeable , membrane has at 
least one agent delivery port therethrough. 

\ i , 

9. The device of claim 1, 2, 3 or 4 wherein 
said semipermeable membrane cdraprises material selected 

25 from regenerated cellulose , cellulose esters, cellulose 
ethers , nylons , polyamides, polycarbonates, 
poly(dialkylsiloxanes) , poly (methacrylic acid) esters, 
poly (acrylic acid) esters, poly (phenyleneoxides) , 
poly ( vinylalcohols) r ethylene/vinyl alcohol copolymers, 

30 aromatic nitrogen-containing polymers, polymeric 

epoxides, polyesters, polyurethanes , and copolymers 
and blends thereof. 



10. The device of claim 2 or 4 wherein said 
35 osmotic body comprises said beneficial agent coated 
with said semipermeable membrane. 
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11. The device of claim 2 or 4 wherein said 
osmotic body comprises a prill coated with one or more 
of said beneficial agents and overcoated with said 
semipermeable membrane . 

5 

12. The device of claim 3 or 4 wherein said 
diffusional body comprises said beneficial agent coated 
with said agent-permeable membrane. 

10 13. The device of claim 3 ox 4 wherein said 

diffusional body comprises a prill coated with said 
agent-permeable membrane. * 
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